The following article has been accepted by Journal of Applied Physics. After it is published, it will be found at http://jap.aip.org/ Photon storage with 250 ps rise time of the readout optical signal was implemented with indirect excitons in coupled quantum well nanostructures (CQW). The storage and release of photons was controlled by the gate voltage pulse. The transient processes in the CQW were studied by measuring the kinetics of the exciton emission spectra after application of the gate voltage pulse. Strong oscillations of the exciton emission wavelength were observed in the transient regime when the gate voltage pulse was carried over an ordinary wire. Gating the CQW via an impedance-matched broadband transmission line has lead to an effective elimination of these transient oscillations and expedient switching of the exciton energy to a required value within a short time, much shorter than the exciton lifetime.
Photon storage is an essential part of optical signal processing in optical networks. Efficient photon storage in semiconductor nanostructures has been recently demonstrated. Photons were stored in the form of separated electrons and holes in acoustically 1,2 and electrostatically 3, 4, 5 induced lateral superlattices, quantum dot pairs, 6, 7, 8, 9, 10 and coupled quantum wells (CQW).
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The fastest demonstrated rise time of the readout optical signal in these devices was about one nanosecond. 9, 11 Here, we report on refining the photon storage in CQW and achieving a 250 ps rise time of the readout optical signal. The refining also has led to an effective elimination of transient oscillations after the storage pulse.
The storage device employs spatially separated electrons and holes in CQW, Fig. 1a . The same device was employed in the proof of principle photon storage in CQW. 11 The storage is presented A principal limitation of the proof-of-principle experimental setup 11 was that the gate voltage pulse from the pulse generator was delivered to the CQW sample via ordinary wires over ∼1 m from the top of the He cryostat to the sample at the bottom. Such a circuit segment is suited for dc signals. However, for the nanosecond switching time of the applied gate voltage, i.e. GHz switching speed, the characteristic wavelength ∼ c/ f is smaller than the ∼1 m length of the wire.
An impedance-matched broadband transmission line is required in such regime for optimal device performance. This is briefly discussed below.
The characteristic impedance of the pulse generator and external cabling is Z = 50 Ω, while the CQW sample has resistance between the top and bottom planes in the range of MΩ -GΩ depending on the laser excitation and acts approximately as a parallel plate capacitor with C ∼ S /4πD ∼ 60 pF, where S ∼ 0.5 × 0.5 mm 2 is the sample area. (Note that such circuit also acts as an RC low-pass filter, which slows the switching time.) The apparent impedance mismatch between the ordinary wire and the sample results in reflection of the voltage pulse at the sample and oscillation of the applied voltage V g and electric field F z = V g /D in the sample. We detected these oscillations by analysis of the evolution of the emission spectra, as described below. (The voltage oscillations were also observed on an oscilloscope.) These oscillations hinder the storage in two ways: First, each swing of the oscillating electric field reduces the exciton lifetime and, therefore, reduces the photon storage efficiency. Second, the oscillations complicate the readout process, while waiting for their damping (as in the proof-of-principle experiment) 11 sets a minimum storage time.
Furthermore, an ordinary wire also acts as an antenna. In the case when multiple gate voltages are applied to the CQW sample via different wires, the radiation emitted by such an antenna can lead to crosstalk among the wires. Multiple wires are used for creating potential landscapes for excitons, as discussed below, and thus eliminating crosstalk is required for improving the control of potential landscapes for excitons.
Therefore, improving the device performance requires gating the CQW via an impedancematched broadband transmission line appropriate for the demanded switching speed. In this paper, we exploit gating the CQW sample via a broadband coaxial cable with a 50 Ω termination resistor, see Fig. 1b . This method can be applied to a variety of semiconductor structures of diverse layer designs. The achieved performance improvement of our device is described below. The electric field in the sample growth direction F z is controlled by the gate voltage V g applied between n + layers. At V g = 0, the lowest energy state in the CQW is the direct exciton with a short lifetime, while at V g ∼ 1.4 V, the lowest energy state is the indirect exciton with a long lifetime, about 0.1 µs for the studied sample.
The carriers were photoexcited by a 635 nm laser diode. The 200 ns laser excitation pulse (Fig. 2a) has a rectangular shape with edge sharpness ∼ 0.6 ns and repetition frequency 500 kHz.
The average excitation power was 80 µW and the excitation spot diameter was ∼ 100 µm. The shows that the rise time of the readout optical signal in the refined system was 250 ps, which is an improvement compared to the nanosecond rise time achieved in earlier studies.
We also analyzed the transient processes in the CQW after the storage pulse by measuring the kinetics of the exciton emission spectra. Figures 3c,d show the presence of strong oscillations of the exciton emission wavelength in the transient regime for the CQW gated via dc-suited wiring.
The oscillation of the emission energy E reveals the oscillation of the electric field in the sample 18, 19, 20, 21 and excitonic circuits. 22 The switching of the exciton energy to a required value without oscillations and within a short time, much shorter than the exciton lifetime, Figs. 3a,b, demonstrates an improvement for the control of such potential landscapes, which can be exploited in studying the physics of excitons.
Note also that the storage scheme can be used to realize a cold gas of direct excitons. Due to their short lifetime, direct excitons are typically hotter than the lattice, while indirect excitons live long enough to cool down essentially to the lattice temperature. 13 In the storage scheme, initially hot direct excitons transform to indirect excitons by the voltage pulse, cool down toward the lattice temperature during the long storage time, and then transform to direct excitons at the pulse termination. This method uses the long lifetime of indirect excitons to realize a cold gas of direct excitons after the last step, provided that essentially no heating occurs then. Note that indirect excitons have a built-in dipole moment and, therefore, interact relatively strongly. 23, 24, 25, 26, 27 However, direct excitons have no built-in dipole moment and interact weakly. Therefore, this method may permit extending the studies of cold exciton gases to a new system of weakly interacting cold direct excitons.
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